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Combination of DMs

. train diffusion
e model
. train diffusion
— model

zo ~ p'(), ..., PR()

How do we combine several pretrained DMs?



Diffusion model as energy-based model

Generative process of diffusion model: =z, ; = ﬁxt + 1\;0% sg+ (24, 1) + o (t)e

Optimal score function: s« (z;,t) = Vlog p(xy)

B ENERGY-BASED DISTRIBUTION
pz) « e P@ — Viegp(x) = —V.E(z)

» Langevin dynamics

1 l—Oét

\/—OTtxt - vaE(xt) +o(t)e

Tg—1 =

Score function as negative gradient of energy funciton



Diffusion model composition: conjunction

K diffusion models: z; ;=

1
\/T—tl't + \/a

B DISTRIBUTION CONJUNCTION

pcompose(m) o Hpk(l’) — Vlogpcompose ZVIOgP

» composed generative process

K

1 1— oy
T = Z_: log p" (w¢) + o (t)er

Conjunction via adding up score functions

L2007 Jog pF () + o(t)e fork=1,...

, K



Diffusion model composition: negation

K diffusion models: z;_; = \/%7% + 1\70%V10gp’f(xt) +o(t)eg fork=1,...,K

B DISTRIBUTION NEGATION

compose (

—  Vlogp®®MPose(y) = Vlogp!(z) — Vlegp?(x)

P xr)

» composed generative process

1 11—«
T = \/779% + \/07; (Vlogp'(z¢) — Vg p*(a1)) + o(t)es

Negation via subtracting a score function



Diffusion model composition: disjunction

K diffusion models: z;,_; = \/%Tt:z:t + 1\;%V10gpk(xt) +o(t)eg fork=1,...,K
B DISTRIBUTION CONJUNCTION
K K
pcompose<x) x Z pk(x) — Vlogpcompose(w) 7& Z Vlogpk(a:)
k=1 k=1

* nhomarlization constant matters

K
1
Viogp®™(z) = Vlog ) it (@)
k=1

Disjunction needs mixture weights
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Linear approximation of fine-tuning
Score function: sp(z,t) w/ parameter ¢

B LINEAR APPROXIMATION

Sgys(we,t) =~ sglwe,t) + Vosg(xe,t) o

sg(x¢,t) — base diffusion model

0 — parameter perturbation

Fine-tuning updates a portion of network parameters



Diffusion model soup

K diffusion models: sp(z¢,t) for k=1,...,K
Linear approximation: sy (z;,t) = sz st (21, t) ~ sg(24, t) + Vosg(xi, t) 5"

B SOUP MODEL

Sgsoup (:L‘t, t) = 821‘2{: ) wyOk (l’t, t)

= SZE: LWk (9’+§kz) (Q:t’ t)
K

sg(ze,t) + Vosg(at, t) Z wy 0"
k=1

Q

K

= 3w (gl ) + Vosglan, )6°)
k=1

K
Z wySgr (¢, 1)
k=1

%



Diffusion model composition: conjunction
K diffusion models: sp(z¢,t) for k=1,..., K

K target distributions: p*(zo) for k=1,...,K

B COMPOSED MODEL

K VK 1
pOOMPOSe (Y — H (pk(x0)> XE
k=1
— pla) = / OO (1) iy | ) g

— Viegpl) = Vlog / PO () | )

Composing first, then scoring



Approximate score function
B COMPOSED SCORE FUNCTION

— Z Vlogp*(x) = Vlog H (p () )UK = Vlogp/(w)

k=1
p#Fp
~» composed generative process
K
1 1—oy 1 L
_ — > Vi t
Ti—1 Eatl't“r & Kk:1v ogp”(z¢) + o(t)e

x soup model

K
Z .’Et, ~ Sgsoup(ajt,t) = 51 SE_, (l’t,t)

Composed score function = Score function of composed model



Diffusion model composition: disjunction
K diffusion models: sp(zy,t) for k=1,...,K
K target distributions: p*(zo) for k=1,..., K

B COMPOSED MODEL

K
1
compose - = k
P (x0) = 2= > p'(a0)
k=1
= pz) = / PO (20)p(a¢ | 20)do

— Viegpla) = Vlog / PO (), | )z

Composing first, then scoring



B SCORE DECOMPOSITION

Viogp(xy) = Vlog/pcompose(xo (x4 | x0)dxg

= v1og< Zp xt)

K
KZkﬂP ) K;
K

= ? Z (2:)V log p* (w¢)

Kqup
SRR
= —% Vlog p™ ()

N———
time-varying weight wy ()

Score function of composed model = Composed score function w/
time-varying weights



Exact score function

B COMPOSED SCORE FUNCTION

K 1K
kz wy () V logpk(xt) = Vlog (K kz pk(ift))
-1 =1

» composed generative process

K
Tt = J{QJ " 1\/5 3 wna)Viogs (a0 + alt)e
* soup model
K
Wi (x)sgr (Te,t) A sgow (e, t) = Ssr o0k (T1:1)
k=1

Composed score function = Score function of composed model



Creation of hybrid artistic styles

Awoman in  Ayoung boy is A mountain People are a man that has ﬁ):ﬁnma: this woman is
white shirt posing in a goat stands on holding wine a shirt and a mirror wghiile at a desk

holding up a large grassy top of a rock glasses next tie brushing her using a
cellphone. area. ona hill. to each other. 9 computer

teeth

sD2.1

Ukiyo-e

Romanticism

Ukiyo-e &
Romanticism

data source: arXiv:2406.08431



Summary
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Conjunction (also negation), disjunction



